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Synopsis

Please refer to the DFS for the reviews on the Original Submission for NDA 21-320 in 2001. This
NDA originally received a non-approvable regulatory action in June of 2001. Currently, the sponsor
has resubmitted additional information responding to the NA action.

Please refer to the June 2001 OCPB review of the original NDA 21-320. This document is an
addendum/amendment to the original NDA review referred to above.

C
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Additionally, the sponsor submitted results from another Phase III clinical safety and efficacy study
(Study ABACAS 1) conducted in the European Union. In the safety database of the study, there was
evidence of QT prolongation by Abarelix (as well as another comparative treatment employed in
another arm of the study). At the request of the clinical review team, the data of the QT
prolongation on this study was extensively reviewed by this reviewer, and this document will
contain review of only the QT Prolongation issue on the ABACAS 1 Study as well as the pooled
information from the 2 original Phase 3 studies.

Additionally, labeling comments are included.

Study ABACAS 1 (ECG Aspect Only)




Methodology: This was a multi-center European, open-label, randomized, Phase III study in 2
arallel groups (Abarelix group and Goserelin + Bicalutamide or GB group).

The trial comprised of 3 periods: A — pre-inclusion period, B — from Day 0 (D0) — month 3 (M3)
treatment period when randomized patients received either GB or abarelix and C -- from M3 —~ M9
when the same treatments were continued.

Dosing: In the GB group, patients received bicalutamide 50 mg (Casodex® 50 mg) QD (one tablet
each evening) from DO till the end of the study. Patients also received one subcutaneous (SC)
injection of 3.6 mg goserelin (Zoladex® 3.6 mg) every 28 days.

In the abarelix group, patients received 100 mg of intramuscular (IM) abarelix 2 times during the
first 28 days (DO and D14), a 50 mg IM injection one D28 (or M1). Thereafter they received every
28 days (M2, M3.... M11):
‘ e one injection of 50 mg if serum testosterone (T) level on preceding visit was < 50 ng/dL
e one injection of 100 mg if serum testosterone (T) level on'preceding visit was > 50 ng/dL
e Once increased to 100 mg, the dose was to be maintained at this level till the end of the
study.

Electrocardiographic Safety Assessment Plan: A standard 12 lead ECG was performed on D-14,
M3 and M12. All ECGs were directly centrally analyzed by telephonic transmission. Standard
calculated parameters were Heart rate, QRS duration, P-R interval, QT interval, QTc using Bazett
(QTcB) and Fridericia (QTcF) formulae, QRS axis and ST deviation.

rdditionally, ECGs were repeated until recovery when an abnormal reading was observed (i.e.,
QTcB > 450 msec or PR> 240 ms or QRS 2 120 ms or HR < 40 bpm on the initial ECG).
Withdrawal f study and additional assessments were set meeting criteria where QTb > 500 ms.

Note: All calculated QT parameters (as mentioned above, but not the ECG tracings) were sent to a
consultant cardiologist, e

~— ___ Dr. = report was submitted along with this submission. The same data set was re-
ana]yzed by OCPB and similar (although not exact) findings were obtained (see Results below).

Results:

(1) Abarelix Pharmacokinetics: Following a single dose of 100 mg IM injection of abarelix, Cpax of
= 30 ng/mL (mean) is generally achieved within the first 1-2 hours. At steady state, the Cpyp, (01
trough concentration achieved, as in the present ABACASI study) is around 10 ng/mL.

(11) Method of QT data analysis: The SAS transport file that was submitted electronically by the
sponsor and contained all the calculated ECG parameters were separated into two groups, one each
for 1 of 2 treatment arms. Population means of baseline (D -14) and on treatment (all available
treatment days) were computed Addmonally, individual patlent QTc values on ealch of the

Figure 1. Fridericia — Preferred Method for Correctlon of QT for
Study ABACAS1
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[All the above relationship are at baseline (Day — 14)]

Uncorrected QT vs. heart rate shows that there is a dependence on QT on heart rate, and a method
hat abolishes that relationship the best is the method of choice. Here, clearly the method of choice
«or QT correction is with the Fridericia formula (Bazett formula over-corrects).




Delta QTcF in all patients on Treatment Days (dark squares represent means)

Figure 2A:
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Table 1: QT Analysis for Study ABACAS1: Correction methods: Fridericia & (Bazett)

Overall Population Analysis

asgdex

L e LR Gosei i Gasodes
Mean QT at Baseline, msec 408 (414) 404 (412)
Mean QT on Treatment, msec 426 (434) 4 428 (434)
Mean QT. change, msec 18 (20) 24 (22)
Mean HR change, bpm 1.1 -1.5

7o -

|  Mean QT change, msec | - 11(13) | 20019 |

* Data in parenthesis represents comparable values using Bazett correction formula.



Table 2: QT¢ Outlier Analysis for Study ABACAS1: Correction methods: Fridericia & (Bazett)

Anal sis based on # of ECGs 206 on Abarelix, 214 on Goserelin+Casodex

| 7 oT ECGs with QT. = 450 msec'," % 20G7); 19% (28%) | 46 (62);  21% (29%)

~# of ECGs with QT. > 500 msec; % | 0(d); 0% %) | 6(7); 3% (3%)
# of ECGs with AQT, > 30 msec; % |34 (46); 17% (22%) | 70 (712); _ 33% (34%)
# of ECGs with AQT. > 60 msec; % | 1(0);  05% (0%) | 509; 2% (4%)

n# of

ients (82 evaluabl

Abarellx 85 on G+

K (‘;Bgi‘éllﬁ CQgﬁﬂﬁ X =

"4 of patients with QT > 450 msec; % % 1535 18% G0%) | 19 (26); 22% (30%)“
# of patients with QT > 500 msec; % | 0 (3); 0% (4%) | 5(9); 6% (6%)
# of patients with AQT. =30 msec; % |17 (25); 21% (30%) |39 (43); 46% (51%)
# of patients with AQT. = 60 msec; % |1 (1); 0.5% (0.5%) | 4(7); 5% (8%)

* Data in parenthesis represents comparable values using Bazett correction formula,




Reviewer’s Comments:

QTc Results:

Fridericia is the method.of choice for this study since it corrected the effect of heart rate on
QT better than Bazett.

Both the arms of the study show significant prolongation in QTc as evidenced by the
mdividual delta QTcF.

Mean individual delta QTcF was 11 msec for Abarelix and 20 msec for Goserelin +
Bicalutamide (an already approved and marketed regimen in advanced prostrate cancer).
Number of outliers were lower for the Abarelix treatmend arm.

Due to the nature of the study design, no attempt was made to correlate the QT prolongation
with plasma concentration.

Sponsor collected serum trough levels (pre-dose) for abarelix on all visit days. The ECGs
were also performed when the drug levels were at a minimum with respect to abarelix and
goserelin. Hence, there is at least a theoretical concern that serum drug levels could be 5-6
times higher than that observed at patient visits when patient QTs were prolonged.

Study Design Issues:

This study was conducted in an elderly prostrate cancer patient population representing the
true population for whom the drugs are intended. This is different from a prospectively
designed QT Prolongation Study (that we are used to seeing in submissions) in which young
Lcalthy volunteers known to have normal QT intervals are recruited to tease out more
clearly the effect of a particular drug in prolonging the QT interval.

This study neither used a placebo or an active control arm (active control for QT with a
known QT prolonger, eg. moxifloxacin). In the absence of these arms, the effect of placebo
on the QT invterval, or the accuracy of the ECG analysis etc could not be
verified/compared.

Once the above results were perceived as cause of concern, the sponsor was requested to send
ECG information from the two Phase III studies submitted to the original NDA (Study #s 149-
98-02 and 149-98-03). For both these studies, a baseline 12 lead ECG was obtained on Day 0
and on treatment ECGs were obtained on treatment days 169 and 365 (and a few other visits for
a very small number of patients). The QT analyses following ECG traces from these two
studies were pooled and the results are reported in Table 3 & 4 below. Note that 3 treatment
arms (based on the designs of the two studies) are compared in the following table. Delta QTc is
based on difference in QTc on Day 0 (baseline) and all treatment days (any available other than
Day 0). [Please refer to the Medical Officer Review of the original submission for NDA 21-320
for details on the design and conduct of the two studies.)

Results:



Table 3:

QT¢ AnalySis for Study 149-98-02 & 149-98-03 (pooled) - Correction methods: Fridericia & (Bazett)

\

. Overall Population Analysis

roli g Lupron Depot il iipron Defot
Mean QT at Baseline, msec 412 (419) 415 (425) 413 (418)
Mean QT, on Treatment, msec 425 (434) 432 (442) 423 (428)
Mean QT, change, msec 13 (15) 17(7) 10 (10)
Mean HR change, bpm 1.4 -0.2 1.4

Individual Patient Aal sis

Mean QT, change, msec

* Data in parenthesis represents comparable values using Bazett correction formula.




Table 4:

QT Analysis for Study 149-98-02 & 149-98-03 (pooled) - Correction method: Fridericia only

[Analysis based on # of patientsJ

# of patients with QT .F > 36; (19%) 14 (30%) 4 (12%)
450 msec; (%)
# of patients with QT F = 5; 3%) 0; (0%) 0; (0%)
500 msec; %
# of patients with AQT.F 48; (25%) 19; (41%) 10; (29%)
" 230 msec; %
# of patients with AQT.F 5; (3%) 2; (4%) 0; (0%)
2 60 msec; %




Reviewer’s Comments:

e Bazett and Fridericia methods of correction were similar in terms of correction of QT for
HR when baseline data were pooled in these two studies.

o QTcF values for the abarelix treatment arm in these two studies were in the similar range as
the ABACASI1 study indicating that abarelix may be responsible for 10 — 15 msec
prolongation of the QT interval in the population it is intended for.

o Sponsor submitted their analysis of the QT effects from the 149-98-02 & 149-98-03
(pooled) on September 12, 2003, and the analysis matched the results presented in Tables 3
and 4 above.

General Comments:

» Taking into account the data in the other comparative treatment arms, it might be
worthwhile to investigate the effect of this class of drugs (GnRH agonists or antagonists) in
their ability to prolong the QT interval (or the relationship of androgen ablation to QT
prolongation).

LABELING COMMENTS

During the initial cycle of review of the original NDA, the labeling comments were not

finalized from an OCPB perspective. The following are excerpts of sections of the proposed
PLENAXIS label only relevant to OCPB (or, where OCPB related changes were made):

CLINICAL PHARMACOLOGY

Mechanism of Action

Abarelix exerts its pharmacological action by directly suppressing luteinizing hormone (LH)
and follicle stimulating hormone (FSH) secretion and thereby reducing the secretion of
testosterone (T) by the testes. Due to the direct inhibition of the secretion of LH by abarelix,
there is no initial increase in serum testosterone concentrations.

Saturation binding studies revealed that ['*I]-abarelix has a very high affinity (Kp= 0.1 nM) for
the rat pituitary LHRH receptor.

Pharmacokinetics
A single dose (100 mg IM) of Plenaxis™ was given to 14 healthy male volunteers —
years of age, with body weight of . ——— kg, and the pharmacokinetic information is

provided in Table 1:

Note to sponsor: Please update the above (underlined) information based on Study # 149-99-01



Table 1. Mean + SD Pharmacokinetic Parameter Values of 100 mg of
Plenaxis™ Following a Single IM Injection (n = 14)

Cmax Tnmx AUCO.» CL/ F t]/2
(ng/mL) (days) (ng * day/mL) (L/day) (days)
43.4+323 | ° 30+29 500+ 96 208 + 48 13.2+3.2

Absorption

Following IM administration of 100 mg of Plenaxis™, abarelix is absorbed slowly with a mean
peak concentration of 43.4 ng/mL observed approximately 3 days after the injection.

Distribution

The apparent volume of distribution during the terminal phase determined after IM
administration of Plenaxis™ was 4040 * 1607 liters, implying that abarelix probably distributes
extensively within the body.

Metabolism

In vitro hepatocyte (rat, monkey, human) studies and in vivo studies in rats and monkeys
showed that the major metabolites of abarelix were formed via hydrolysis of peptide bonds. No
significant oxidative or conjugated metabolites of abarelix were found either in vitro or in vivo.
There is no evidence of cytochrome P-450 involvement in the metabolism of abarelix.

Excretion

In humans, approximately 13% of unchanged abarelix was recovered in urine after a 15 pg/kg
IM injection; there were no detectable metabolites in urine. Renal clearance of abarelix was
14.4 L/day (or 10 mL/min) after administration of 100 mg Plenaxis™.

Pharmacodynamics:

Effects of Plenaxis™ on Serum Testosterone: The effectiveness of Plenaxis™ in suppressing
serum testosterone was studied in two randomized, open-label, active-comparator trials.
Patients were not those with advanced symptomatic prostate cancer. They were randomized in
a 2:1 ratio to Plenaxis™ 100 mg IM versus LHRH agonist (Study 1) or to Pienaxis™ versus

1. HRH agonist + nonsteroidal antiandrogen (Study 2). Plenaxis™ was administered IM on
Days 1, 15, 29 (Week 4), then every 4 wecks thereafter for at least 6 months (24 weeks).

LHRH agonist and nonsteroidal antiandrogen were administered in standard fashion. After
completing 6 months of treatment, patients could continue randomized treatment for an
additional 6 months.

Avoidance of testosterone surge: In both studies combined, 100% (348/348) of Plenaxis™
patients and 16% (28/172) of comparator patients avoided a testosterone surge.

Attainment of medical castration: The percentage of patients who attained serum testosterone
concentration <50 ng/dL on Study Days 2, 8, 15 and 29 are summarized in the table below:



~ pages redacted from this section of
the approval package consisted of draft labeling
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PRECAUTIONS

General

Decreased effectiveness in patients >225 pounds: The decrease in overall effectiveness of
Plenaxis™ with increased duration of treatment is greater in patients who weigh more than 225
pounds. Strict monitoring of serum testosterone in these patients is warranted.

Monitoring of liver function: Clinically meaningful transaminase elevations were observed in
some patients who received Plenaxis™ or comparator drugs. Serum transaminase levels should
be obtained before starting treatment with Plenaxis™ and periodically during treatment (see
Adverse Reactions).

Decrease in bone mineral density: Extended treatment with GnRH antagonists and LHRH
agonists may result in a decrease in bone mineral density.

Drug Interactions ,

No formal drug/drug interaction studies with Plenaxis™ were performed. Cytochrome P-450 is
not known to be involved in the metabolism of Plenaxis™. Plenaxis™ is highly bound to
plasma proteins (96 to 99%).

APPEARS THIS WAY
ON ORIGINAL
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General Information About the Submission

Information Information
NDA Number 21-320 Brand Name PLENAXIS
OCPB Division (I, 11, I1}) DPE 11 (HFD 870) Generic Name Abarelix acetate
Medical Division DRUDP (HFD 580) Drug Class GnRH antagonist
OCPB Reviewer Dhruba J. Chatterjee, Ph.D. Indication(s) Prostate Cancer
QCPB Team Leader Ameeta Parekh, Ph.D. Dosage Form Suspension

Date of Submission 12/12/2000, 3/14/01 Dosing Regimen Once a month injection
Estimated Due Date of OCPB Review 5/10/2001 Route of Administration M
PDUFA Due Date 6/12/2001 Sponsor PRAECIS Pharma.
Division Due Date 5/14/2001 Priority Classification iP
Clin. Pharm. and Biopharm. Information
"X" ifincluded | Number of Number of Critical Comments If any
at filing studies studies
submitted reviewed

STUDY TYPE
Table of Contents present and X 6
sufficient to locate reports, tables, data,
etc.
Tabular Listing of All Human Studies X
HPK Summary X
Labeling X
Reference Bioanalytical and Analytical X
Methods
I. Clinical Pharmacology

Mass balance:

Isozyme characterization:

Biood/plasma ratio:

Plasma protein binding: X

Pharmacokinetics (e.g., Phase i) -
Healthy Volunteers-

single dose: | X

multiple dose: | X

Patients-

single dose: | X

muitiple dose: | X

Dose proportionality -

fasting / non-fasting single dose:

fasting / non-fasting muitiple dose:

Drug-drug interaction studies -

In-vivo effects on primary drug:

In-vivo effects of primary drug:

In-vitro:

Subpopulation studies -

ethnicity: | X

_gender:

pediatrics:

geratrics: | X

body wit.

renal impairment:

hepatic impairment:

PD:

Phase 2: X
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Phase 3: | X

PK/PD:

Phase 1 and/or 2, proof of concept: | X

Phase 3 clinical trial:

Population Analyses -

Data rich:

Data sparse:

1. Biopharmaceutics

Absolute bioavailability:

Relative bioavailability - X

solution as reference: | X

aitemnate formulation as reference:

Bioequivalence studies -

traditional design; single / multi dose:

replicate design; single / multi dose:

Food-drug interaction studies:

Dissolution:

(VIVC):

Bio-wavier request based on BCS

BCS class

Ill. Other CPB Studies

Genotype/phenotype studies:

Chronopharmacokinetics

Pediatric development plan

Literature References

o>

Total Number of Studies

Filability and QBR comments

“X” if yes
Comments

Application filable ?

Comments sent to firm ?
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Other comments or information not He Sun, Ph.D. was consuilted on the NDA for Pharmacometrics
included above

Primary reviewer Signature and Date Dhruba J. Chatterjee 5/02/2001

Secondary reviewer Signature and Date | Ameeta Parekh 6/12/01

CC: NDA 21-320, HFD-850 (Electronic Entry or Lee), HFD-580 (CSO), HFD-870 (TL, DD, DDD), CDR (B. Murphy)
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Synopsis

Abarelix acetate, a modified decapeptide, is a GnRH analog and antagonist (and a new molecular
entity). It binds to and turns off pituitary receptors responsible for the production of gonadotropins,
luteinizing hormone (LH) and follicle-stimulating hormone (FSH). Unlike GnRH agonists,
antagonists such as abarelix do not cause an immediate “flare” (due to receptor stimulation)
resulting in initial surges of LH, FSH, testosterone (T) and dihydrotestosterone (DHT) in males. The
primary mode of action and main goal of therapy with abarelix is to suppress/inhibit T to castrate
levels (< 50 ng/dL) and maintain such lowered levels in the targeted patient population (patients
with local, regional or advanced carcinoma of the prostate gland experience difficulty in tolerating T
surges). Prior to administration, a single vial of PLENAXIS™ —*— (abarelix for . ~aw—
suspension) containing 100 mg of deliverable dose (expressed as peptide) is intended to be
reconstituted with 0.9% Sodium Chloride Injection, USP to provide a 2.0 mL suspension (50
ng/mL) for IM injection. The proposed dosing regimen is one such injection of 100 mg every month
(with the first month of therapy having an additional injection on day 15).

In the 2 primary clinical trials conducted (and results presented) in support of this NDA, abarelix
leads to fast onset of action and avoidance of a ‘T flare’. The percent of patients remaining with
castrate T levels appeared to decline over time. It is to be noted that a serious adverse event
(anaphylactic reaction) was observed in about 0.5% of the patients exposed to abarelix.

RECOMMENDATION

From an OCPB perspective, the application is acceptable. However, patients on this therapy may
experience a reduction in overall efficacy over time. A higher dose of abarelix (provided this is
supported by safety data) may lead to higher sustained serum levels of the drug for the longer term
resulting in a higher suppression of T and lesser variability in the serum T levels.

COMMENTS TO SPONSOR
The sponsor may

o consider collecting exposure-response information (based on both safety and efficacy) on
abarelix from doses higher or more frequent than that currently proposed in this NDA,

» analyze, if possible, archived patient blood samples beyond Day 169 from the primary clinical
trials to determine abarelix levels in those samples and correlate that to efficacy,

» address the possibility of the potential of abarelix to affect the metabolism of other medications
administered concomitantly;

« investigate possible factors that might have contributed to the high variability of T levels with
time (eg. whether there were factors that altered protein-binding of abarelix with time)
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Overall Summary of Clinical Pharmacology and Biopharmaceutics
Findings

» Following administratjon of the IM injections (dosing on day 1, 15, 29 and monthly thereafter),
the mean trough serum level of abarelix was around 17 ng/mL at day 29 of therapy (day when
achievement of efficacy was assessed). Beyond 2 months, the trough levels were around 10
ng/mL. There was no evidence of any significant initial “burst” of drug into the circulation from
the formulation. T-suppression may be observed as early as 2 days. There was no evidence of
T-surges with abarelix.

» Exposure-response relationship indicates that the serum levels of abarelix need to be > 10
ng/mL for > 90% of samples (patients) below castration levels of T (< 50 ng/dL, see Plots I - 11
below). Towards the end of 6 months of therapy, the trough abarelix levels for patients in the
pivotal clinical trials were around 10 ng/mL with significant degree of variability. In some
patients, this potentially resulted in T levels above the castration threshold. This phenomenon
was a contrast to the active control arms of the pivotal clinical trials (the Lupron and the Lupron
+ Casodex treatment arms show % of patients maintaining efficacy more effectively than the
abarelix arm — please refer to Figure 6A of review).
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o To explain why the efficacy was seen diminishing over time, data from the two pivotal Phase 3

studies were re-analyzed to determine whether,

(a) there is a development of tolerance to the drug,

(b) the PK of the drug changed over time, or

(c) this phenomena could be explained by the exposure-response relationship.

Emax over 169 days EC50 over 169 days
g 140
= 120 1 o < —
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- 40 Q * o
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Background -

Plot II1. Pooled data from Studies 149-98-02 and —03 showing exposure response
parameters remaining fairly constant over 169 days

Evidence of tolerance was not detected, as there was no conclusive evidence of changing
exposure-response over time (refer to Plot IIl above). Beyond 2 months of therapy, there was no
indication that the mean exposure of the drug was declining. It was therefore concluded that the
mean exposure of the drug was at the threshold for optimum efficacy and a wider variability in
concentrations at around 6 months may have led to diminished efficacy.

For the 14 patients identified by the medical officer experiencing serious adverse events
(anaphylactic reactions), there was no detectable relationship between the serum drug levels
(obtained closest to the adverse events) and the adverse events. All but one of the serum
abarelix levels were within 7 — 19 ng/mL. One patient had > 2000 ng/mL as the abarelix level
(urexplained outlier, could bave been an analytical error).

It is possible that abarelix doses higher than that currently proposed by the sponsor (if supported
by safety data), or administered more frequently, may provide higher sustained serum levels of
the drug for the longer term resulting in a higher degree of T suppressicn and lesser vaniability in
the serum T levels. This may be more effective in maintenance of efficacy for the long term.
[Please refer to Appendix 4 for results of simulated Abarelix serum levels following
administration of higher or more frequent doses].

Labeling review for this NDA has been deferred, hence no labeling suggestions are included.

APPEARS THIS WAY
ON ORIGINAL
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Questions addressed in this section:

e  What are the highlights of chemistry, formulation and physicochemical properties of the drug
and drug product?

o What is the mechanism of action, proposed indication and main goal of therapy?

o  What are other drugs available in this class?

o What are some highlights of claims for this product in the proposed label?

Abarelix acetate, a modified decapeptide, is an amorphous white to off-white powder containing
abarelix (the anhydrous free base) with associated water and acetate with a molecular weight of
1416.06. Abarelix acetate is soluble in water and various alcohols. For the drug product, abarelix
acetate is converted to an intermediate abarelix carboxymethylcellulose (abarelix CMC) by the
formation of a practically insoluble complex with CMC sodium (NaCMC) in an aqueous solution.
Abarelix CMC is an amorphous solid, white to off white in color, contains associated water and is
practically insoluble in water. The product formulation (no change in formulation between that used
in the pivotal trials and the ‘to-be-marketed’) is as follows:

uantitative Composition of PLENAXIS™ . ~—— 100 mg

Material Quantity per vial Quantity per mL
Abarelix for depot suspension ® 100 mg + overage® 50 mg
0.9% Sodium Chloride Injection, USP | 2.1 mL added to reconstitute | 1 mL

? Abarelix CMC (carboxymethylcellulose) is named ‘abarelix for depot suspension’ after . _the

acetate in abarelix acetate is removed during the manufacturing process for abarelix CMC.

Abarelix is a GnRH analog and antagonist. It binds to and turns off pituitary receptors responsible
for the production of gonadotropins, luteinizing hormone (LH) and follicle-stimulating hormone
(FSH). Unlike GnRH agonists, antagonists like abarelix does not cause an immediate ‘flare’ (due to
receptor stimulation) resulting in initial surges of LH, FSH, testosterone (T) and dihydrotestosterone
(DHT) in males. This property of GnRH antagonists is viewed as an advantage over agonists in
certain clinical scenarios.

The primary mode of action and main goal of therapy with abarelix is to suppress/inhibit T to
castrate levels (< 50 ng/dL) and maintain such lowered levels in the targeted patient population
(patients with local, regional or advanced carcinoma of the prostate gland). In addition to inhibition
of T, suppression of DHT, LH, FSH and PSA (prostate specific antigen) were also monitored. The
label for PLENAXIS . =«— ™ claims that this product achieves a more immediate suppression of
T, DHT, LH, FSH and PSA as compared to a GnRH agonist, Lupron Depot®, and Lupron Depot®
plus Casodex® (an antiandrogen) with no evidence of a T surge and that the suppression is
comparable to the other two treatment arms through day 169, with a generally acceptable safety
profile.

Other GnRH antagonists have been approved by the Agency in recent years indicated for use in
females undergoing in vitro fertilization and assisted reproductive procedures. Abarelix is the first
drug in its class that is currently being considered for use in male patients with prostate cancer.

Six study reports have been submitted that summarize clinical pharmacology and biopharmaceutics
related information in support of the claims of this application.
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This review follows a ‘Question-Based’ approach.

Clinical Pharmacology

[Note: Although sponsor has submitted CPB information following administration of abarelix
solution via the SC and IM routes, majority of CPB discussions in this review will involve the
intended mode of administration of this product — IM depot]

Q. Were appropriate clinical endpoints, surrogate endpoints or pharmacodynamic (PD)
biomarkers selected, adequately measured and used to assess efficacy and safety in clinical
pharmacology studies?

Abarelix is a GnRH antagonist indicated for prostate cancer. It causes rapid reduction of the
circulating levels of androgens, hence, suppression of T is the primary biomarker. In addition,
the drug is also expected to suppress the levels of DHT, FSH, LH and PSA. Achievement and
maintenance of castration is the primary goal for clinical benefit.

The sponsor has determined T levels as the primary biomarker and has also used ‘% inhibition
of T’ from baseline in patients as the measurement of PD. In addition, levels of DHT, LH, FSH
and PSA were also plotted with time. For the phase 3 clinical trials, achievement of medical
castration (testosterone < 50 ng/dL) was based on the patient’s T level on study day 29. Patients
who were not medically castrate on study day 29 were considered to have failed. A patient was
defined as having maintained medical castration if he did not have two consecutive non-castrate
levels of testosterone two weeks apart, using values from study days 29, 43, 57, 71 and 85.
Adverse reactions were monitored for safety profile of the drug. It is to be noted that the phase 3
trials had an active/comparative treatment arm using another product (GnRH agonist), for
comparison of the incidence of initial T-surges between the treatment arms.

In general, the end points and biomarkers selected are acceptable. For CPB purposes, the
moieties measured were T, DHT, FSH, LH and PSA.

Q. Were metabolites measured?
Abarelix is a decapeptide. Based on in vitro assessments, there are two rajor metabolites of
abarelix (result of hydrolysis). However, in vivo in human, those were not detected. Hence,
metabolites of abarelix were not monitored for the CPB measurements.

Q. For all moieties measured, was free, bound or total measured?

The total levels of abarelix and all other hormones were measured. The sponsor has submitted
data showing that abarelix is highly bound to plasma proteins (96-98 %).

Q. Were the methods used to assess concentrations adequate?



NDA 21-230

Submission Date: December 12, 2000

PLENAXIS =s==— ™
Clinical PK/Biopharm. Section

In general, the methods are acceptable. Analytical methods and validations are discussed in
more detail in a later section.

Q. What are the exposure-related (pharmacokinetic) properties of the drug?

Sponsor conducted a study [Protocol #149-99-01] to determine PK parameters of abarelix from
the 100 mg IM depot in normal volunteers and also compare the bioavailability (BA) relative to
a 15 ng/kg solution for IM injection. The following table summarizes the salient PK parameters

of abarelix and the relative BA (singe dose with 3-week washout between each treatment phase).

‘Table 1. Pharmacokinetic (Mean + SD) characteristics and relative BA of Abarelix

Treatment Period: Period 1 - Period 2
Dose: 15 ug/kg 100 mg
Route: IM injection/solution IM injection/depot

Number Treated: .14 14

Crnax (ng/mL) 57.79+ 1525 4340 +32.32
T v 1.0+ 0.3 (h) 3.02 + 2.88 (d)
A, (day’h 3.30 £ 0.66 0.06 + 0.01
t,,, (days) 0.22 + 0.08 1320+ 3.23
AUC,., (ng-day/mL) 11.62 £ 2.09 23.10 £ 10.06
AUC 25 (ng-day/mL) NA 39994 +105.23
AUC,... (ng-day/mL) 11.96+1.94 500.38 + 95.66 .
CL/F (L/day) 104.84 + 14.05 208.06 = 47.81
CLJF {(L/day)kg] 1.29+£0.22 2.54:+0.53
V,/F(L) 34.10+ 14.58 4040.00 + 1607.13
V,/F (L/kg) 0.42 + 0.20 4914 + 18.43
MRT (days) 0.22 £ 0.09 17.75+4.37
F, NA 0.52+0.11
CL, (L/day) 13.3%5.7 144+25
A. (%) 12.8+55 NA

100

Abarelix conc. (ng/ml)

- Individual Abarelix conc.
- Mean Abarelix conc.

0.1
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Figure 1. Mean and Individual Abarelix concentrations (ng/mL) following a 100 mg IM
(depot) administration of Abarelix in Study 149-99-01
Exposure Response
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Q. What are the exposure-response relationships (dose-response, concentration-response)?

In Healthy Subjects:

In study 149-99-01 in 16 healthy men (50-75 years), sponsor has described 2 models to describe
the PK (or exposure) of abarelix in different subjects involving a depot site, a “delayed”
compartment and either 1 or 2 peripheral compartments.

In order to describe the response (pharmacodynamics) of the drug, the % inhibition of T, DHT,
FSH and LH were calculated. The PK/PD data were fit to an indirect-response model. For
details of this indirect response PK-PD model and results, please refer to Appendix 1.

In Patients

The inhibitory effect of the post-distributional mean abarelix concentrations on mean
testosterone concentrations from Phase II of the study were fit to an inhibitory effect model

where:
E=E__ o 1———6;——
C+1IC,

E (Effect) represents the observed inhibition of testosterone, E,,, represents the maximal
testosterone inhibition effect, /Csq represents the concentration of abarelix depot that elicits 50%
change of the E,,., and C represents the concentration of abarelix.

The inhibitory effect of abarelix on testosterone in Phase II of the study was characterized by an
E,nox 0f 411 ng/dL (5 %CV) and an ICsy of 0.953 ng/mL (26 %CV). These results suggest that
abarelix is a potent inhibitor of serum testosterone levels with a rapid onset of action.

The pooled data from the two pivotal phase 3 studies was re-analyzed by this reviewer following
a pharmacometric consultation with Dr. He Sun of OCPB using an E,x model. In summary, the
overall fitted Enax and ECsgvalues were 102.5% inhibition of T and 1.2 ng/mL, respectively. The
details of the model, the fitted values, the results and statistics are attached in Appendix 2.

Q. Was the selection of dose and regimen appropriate?

In the Phase II dose selection study # 149-97-04, the sponsor evaluated the PK-PD of the drug in
prostate cancer patients. IM or SC doses ranged from 10 — 150 mg. In Phase I, the regimen in
Schedule A of the study was dosing on days 1, 15, 29, 57 and 85. Schedule B excluded the
dosing on day 15. In phase II of the study, all patients started with a 100 mg dose on day 1, and
were titrated to 50 mg or continued on 100 mg doses after a month depending on serum T levels.
The Table below shows indication of rapid onset of T-suppression (within day 2)

Table 2. Mean (£ SD when n > 2) % Inhibition on Study Day 2

| % Inhibition on Study Day 2 1

10
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T .

Phase Schedule Route Dose (mg) n DHT PSA LH FSH
i A M 10 2 -82.12 -58.31 -2.75 -64.18 -36.41
1 A ™M 20 2 -81.37 -66.48 4.78 -70.02 -28.27
I A M 35 2 -86.79 -60.77 -23.78 -80.88 -50.76
i A ™M 50 2 -78.15 -59.83 -2.38 -74.06 -31.99
1 A ™M 75 8 81.28+85 | -6516+£27.7 § 9061252 | -77.05+155 | -31.81+14.8
I A ™M 100 8 -8506+94 | -73.80+£168 | 2.80+236 | -8051+11.6 | -3898+78
1 A ™M 150 6 -76.72+18.6 | -61.28+23.6 | -1453+13.3 | -81.09£19.1 | -38.17%+73
1 B ™M 100 6 -87.66+10.8 | -68.90+13.0 | 11.55+58.3 | -71.46 +10.8 | -35.29+10.2
I B ™M 150 2 -79.95 -64.52 2.76 -65.58 -31.25
I A SC 10 2 -63.02 -32.46 -13.47 -40.04 -14.87
I A SC 20 2 -75.28 -41.68 -18.48 -55.81 -32.24
I A N 35 2 -73.02 -46.15 -19.47 -61.47 -42.43
I A SC 50 2 -83.28 -57.70 -1.44 -82.24 -27.93
I A SC 75 6 -69.51£16.7 | -68.56+14.4 | 3934105 | -70.30+£20.3 | -30.341t4.7
I A SC 100 2 -91.08 -71.57 12.63 -85.28 -34.73
It A M 100/50 198 -8428+10 | -7423+182 | -5.12+£21.0 | -80.62+16.1 | -33.41£218

From the above table, it is evident that a choice of the 100 mg was appropriate based on the 2-
day T-suppression data. The 150 mg dose was no more effective than the 100 mg. Figures 2A &
B indicate that, although in the small population a higher exposure was achieved from the 150
mg as compared to the 100 mg dose, there was no distinction in the response observed between
the two doses after 1 month. The following figure summarizes the PD profile in Phase II of the
study.

Figure 2A - PK (100 & 150 mg IMDepct) Figure 2B- PD(100 & 150 IMDepat)

10 —~10mg (n=8) a0 —4—10ng(n=9
=1 TT ——190ng(n=6 ] ~#190ng(n=6)
:120 = %25)
£ 100 3 £
3 o] T ﬁ{ g 207
X o T 3 1 st
£ o - A\ - 10T
£ 2 J D
a4y 17 )1

0 - T — - . 0+

0 2 L0 €0 0 10 0 0 23 0 40 H a0 W & D
Tire (cbys) Tire (chys)

Based on the efficacy information the sponsor obtained in this study, the choice of the 100 mg
dose over the 150 mg was justified. However, the data from this study could not shed light as to
how the inhibition of T would be maintained over a longer duration of therapy (mimicking
actual use of the drug).

Q. In the Phase 3 clinical studies, was clinical efficacy achieved and maintained over the
intended period of drug administration?

11
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The sponsor conducted two Phase 3 clinical studies to determine the safety and efficacy of
abarelix in successfully lowering T levels leading to an acceptable clinical benefit. They
compared the performance of this drug with therapies commonly used in this patient population
(Lupron® Depot 1-month, study 149-98-02; Lupron® Depot 1-month + Casodex, study 149-98-
03). :

According to the Medical Officer revieweing this drug application, the clinical efficacy values
(% of patients castrate) were on a diminishing trend generally 4-6 months onwards, and were
distinctly lower compared to the active control arm between 6 — 12 months (% of patients
castrate were as low as 73 % in certain time points while the values in the Lupron® treated arm
remained constant in the range of 95 - 100%).

This CPB review addresses some of the issues related to reduced efficacy for abarelix with time.

1) Exposure-response relationship:

Following the 2 Phase 3 Studies (#s 149-98-02 and 149-98-03), the sponsor presents the
following plots:

8
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HIH » | 3 i ) |
*1 flllll| Fig-3- Study 149-98-02 | 1 ¥ 7} Fig. 4 - Study 149-98-03J‘g
]| I e | T T T
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] §

8
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8

T

% of samples with testosterone levels <50 ng/dL

o

r{ - chabdiida g e d 5 10 15 2 25 30 3B 40 45 50
0 5 10 15 2 2 D 3HB 4 446 D Abarelix concentration (ng/ml)

Abarelix concertration (ng/m.)
Figure 3 & 4. Percentage of Reported Testosterone Levels < 50 ng/dL at Various Serum
Abarelix Concentration Intervals in Clinical Study 149-98-02 (A) and 149-98-03 (B).

From the above data, it may be approximated that the serum levels of abarelix need to be
maintained > 10 ng/mL for > 90% of the serum levels to show castration. PK profiles of abarelix
were presented from each of the two Phase 3 studies grouped by “responders” (medically
castrated as defined by not having 2 consecutive non-castrate levels of T two weeks apart), and
“non-responders”.

From a review of the data below (Fig. 5) majority of the mean trough serum abarelix levels were
around 17 ng/mL at day 29. However, these approached around 10 ng/mL beyond that time
point associated with significant variability. On examining individual serum abarelix levels in
patients, while a majority of the levels were around 10 ng/mL, several individual levels were as
low as 1 — 5 ng/mL. This might be a possible cause for diminished T suppression (based on the

12
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exposure-response relationship that was presented earlier), resulting in a reduction in the % of
castrated patients.

100 § . 100

—@~ Achieved and Maintained Caswation
—O~ Faded lo Achieve and Meintain Castration

10 4

Serum Concentration (ng/mL)
Serum Abarelix Concentration (ng/ml.)

—— Subjects who achieved and maintained castration
—O— Subjects who did not achieve and maintain castration

0.1 T T Y y T 1

' e & 8 13 W 189 1 2 57 8s 13 141 169
Study Day Study Day
Figure 5. Mean Abarelix Concentrations in Patients Receiving 100 mg Abarelix Depot Who
Did and Who Did Not Achieve and Maintain Castrate Testosterone Levels in Phase 3 Clinical
Studies 149-98-02 (left) and 149-98-03 (right).
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Figure 6A

The above plots (Figure 6A, obtained upon further analysis of data provided to the medical officer)
depicts the difference in serum T levels following abarelix administration in comparison to the
active control arm in each of the two Phase 3 pivotal clinical studies. Note the higher variability of
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the serum T levels in the abarelix arm, the gradual elevation of the serum T levels with time in the
abarelix arm, and the corresponding reduction in % of patients with castrate T levels in the abarelix
arm, all in comparison to the active control arm. The higher values for standard deviation of T levels
are distinctly noticeable for the abarelix arm as opposed to the active control arms.

Recently (March 14, 2001), the sponsor submitted the final report of a Study 149-99-03. While the
primary objective of the study was determination of safety, a PK summary was also provided. This
had an exactly similar study design to the 2 pivotal clinical trials, but involved a larger number of
patients (n = 387).

The mean PK profiles from this study was very similar in nature, both qualitatively and
quantitatively. The Medical Officer noted, even for this study, a similar trend in diminution of
efficacy during prolonged treatment (> 4-6 months). The following Figure 6B describes the mean
abarelix PK profiles.

PK Profile (Study 149-99-03)

(]

—#— Patients who achieved and maintained medical castration

| ™ Patients who did not achieve and maintain medical castration

i
:,
Figure 6B % ; 1 =
g © I///"\ i T ¥ I
i /i ! -+ 1
i/ :
00 25 ;O 75 100 125 150 175

Time (days)

Q. What are the possible reasons for diminished efficacy of abarelix with time?

The dose-selection was based on the PK and PD information obtained over three months. The
primary clinical trials were conducted over one year. If one refers to Figure 2 (from Study 149-97-
04), 1t is evident that the PK and PD profiles of the drug in patients were comparable to that
observed in the Phase 3 studies within that time frame. However, based on Plot II (Overall
Summary, p. 5 and Appendix 3), it appears that due to higher vanability in serum abarelix levels at
later time points, there is a lower % of patients with castrate T levels.

On reanalyzing additional data submitted at our request by the sponsor (dated 4/10/01), there was

(1) no evidence of tolerance since the PK-PD relationships remained virtually unaltered over the
6 months (Plot I of Overall Summary, p. 6),

(i1)  no obvious indication that the PK (exposure) of the drug appreciably changed over the 6
months (Fig. 6B, however, mean trough serum abarelix concentrations at day 29 were
higher due to an additional dose on day 15),

I
A
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(i11) 1t may be postulated that the mean exposure of the drug to the patients was just at the

threshold for optimum efficacy with a wide vanability. This might have led to efficacy
failures. [Please refer to Appendix 3 for results following Pharmacometric data analysis].

Q. Do PK parameters change with dose and time?

Fig. 7 describes the PK profile of the drug from different doses.

1000 o

100 4
3

—— 10 mg (n=2)

—-—O— 20mg (n = 2)
1 3y —w— 35 mg (n = 2)
—p— 50 mg (n = 2)
—— 75 mg (nzx8)
4 >~ 100 mg (n = B)

Plasmae Abarelix Concentration (ng/ml}

—— 150 mg (n = 6)

o 14 L] a2 56 10 84

’ Study Day
Figure 7. Mean (x SD when n > 2) Abarelix Plasma Concentrations Following IM
Administration of Increasing Doses of Abarelix Depot during Schedule A of Phase 1 of
Clinical Study 149-97-04

The following figures (8 A&B) may indicate linear PK for abarelix over the dose range of 10— 150
mg. Figure 8A shows linearity of AUC with dose, while figure 8B shows no significant trend in
change of apparent clearance of abarelix with increases in dose (between 10 — 150 mg).

Figure 8A. Mean ( SD) Abarelix AUCy,3 Following IM Administration of Abarelix Depot in
Clinical Study 149-97-04

1000 -

woo 4
=
s
'E 400 o 0/
g
3 400 1
L]
« L
200 4 °
° — - - —
° 20 40 80 »0 100 120 140 1%0

Dose (mg)

Figure 8B. Effect of Abarelix Depot Dose on the Abarelix Apparent Clearance following IM
Administration in Clinical Study 149-97-04
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Fig. 9 below indicates the mean apparent clearance virtually remains unchanged over six months.

Figure 9. Mean Abarelix Concentrations for All Patients Receiving 100 mg IM Abarelix Depot
in Phase 3 Clinical Study 149-98-03
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Q. Are PK parameters different in patients than healthy volunteers?

Comparison of the PK data from the healthy volunteers (Table 1, gray column) with that from
patients (gray column in Table 4 on the next page) from the 100 mg dose indicates that clearance
appears to be lower in the patient group. This may be attributed to factors such as body weight,
age and renal function (refer to covariate analysis results presented later).

Q. What are the inter and intra-patient variability in PK or PD parameters with this drug in
patients and normal subjects?

16
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For inter-subject variability in PK parameter (normal subjects), one might refer to Table 1
presented earlier and Figure 1. The apparent clearance was associated with a CV of about 25%.

For inter-patient variability (patients), the sponsor reports a CV of about 10% for apparent
clearance following the 100 mg IM dose in Study 149-97-04 (Table 3).

There was an appreciable inter-patient variability of T serum levels following abarelix

administration (CV > 200% on majority of the time points based on pooled data from the two
controlled pivotal clinical trials). :

APPEARS THIS WAY
ON ORIGINAL

APPEARS TH!IS WAY
ON ORIGINAL
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Table 3. Mean and %CV Compartmental Parameters for Abarelix in Clinical Study 149-97-04

Phuase  Route Dosing Parameter Units Dose (img)
Schedule* 10 20 35 50 7 100 150 10010 50°
Estimate  %CV | Estimate  %CV | Estimate  %CV .| Estimate  %CV | Estumate  %CV | Estimaste  %CV [ Estimate  %CV | Estimate %CV
(n=2) (n=2) n=12) (n=2) {n=8) {n=8) {n=96)
| IM A AUC (ngeday/mL) | 104.4 12.2 131.3 306 31436 17.8 5729 19.8 795.8 6.5 7981 10.4 | 14530 37
I M A ki (day) 0.06 19.3 0.10 632 o1 377 0.02 508.27 0.03 6073 0.0) 503.2 0.03 62.8
| M A A (day) 6.1 15.8 74 436 94 243 26 327 149 98 18.5 200 143 104 No Cohony
[ M A CLF (L/day) 95.7 12.2 152.3 30.6 113 17.8 874 198 94.2 6.5 1253 104 103.2 5.7
| IM A VIF (L) 925.4 6.5 1629.5 237 1509.8 136 2964.3 21.5 2025.5 19 3346.0 13.3 121292 79
(n=6) (n=2)
1 M B AUC (ngeday/mL) 928.9 88 759.5 20.2
1 M B kit (duy® 001 2764 001 5187
\ M B At (day) No Cohon No Cohont No Cohont No Cohon No Cohont 15.8 139 5.6 12 No Cohort
i IM B CL/F (L/day) 107.7 8.8 197.5 20.2
I IM B \Z0 () ) 24487 8.8 101426 88
{n=2) (n=2) (n=2) (n=2) (n=6) n=2)
| sC A AUC {ngeday/mL) 264 62.) 60.1 49.1 2410 50.9 299.0 222 995.6 16.2 731.7 1419
] sC A katya (day) 001 5764 0.01 472.7 0.01 300.1 0.14 576 0.01 4437 0.01 359.3
1 sC A A (day) 26 743 45 584 i54 583 68 330 318 261 409 159 |  NoCohon No Cohon
I sC A CL/F (L/day) 378.6 62.1 333.0 49,2 145.2 51.0 167.2 222 753 16.2 §36.7 142.1
I sC A \Zid (L) 1438.6 278 | 21621 215 32340 126 1632.3 214 ] 41033 129 | 80708 14.4
(n= 198)
I} M A AUC (ngeday/mL) 625.8 35
ti M A kati2 (day) 0.0} 139.5
" M A A2 (day) No Cohort No Cohont No Cohort No Cohort No Cohont No Cohort No Cohort 16.9 64
i M A CL/F (1/day) 159.8 3.5
il IM A VF () 3891.6 45
* n Schedule A, patients were dosed on Days 1, 15, 29, 57, and 85 depending on their levels, o Schedule B, did not receive a Day 15 dose.

* Al patients in Phase 11 that were used in the analyses were dosed with 100 ny abarehix depot uatil Study ay 29 and ibereaficr, when tiicy received 50 mg
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Q. What are the intrinsic factors (age, gender, race, weight, height, disease, genetic
polymorphism, pregnancy, and organ dysfunction) that influence exposure or response, what
is their impact on exposure and/or response? Based upon what is known about exposure
response relationships and their variability is dose adjustment recommended depending on
any factor/s?

The sponsor evaluated the safety and efficacy of abarelix only from the cne regimen, i.e., the 100
mg dose monthly (with one additional dose only on day 15 at the beginning of therapy).

Age: Sponsor evaluated the effect of age on the abarelix concentrations at different time points
during the Phase 3 clinical trials. In study 149-98-02, age appeared to be a statistically significant
covariate to abarelix concentrations on study days 57, 113 and 169 only. In study 149-98-03, age
appeared to be a statistically significant covariate to abarelix concentrations on study days 29, 57,
85, 113, 141, and 169. A positive relationship was shown in which older people had higher
abarelix concentrations. In Study 149-99-01 (in 16 normal elderly subjects of mean + sd age 62 +
9), there was a correlation between creatinine clearance and renal clearance following the depot
dose (Phase 2 of study) as shown in Fig. 10 below:

Figure 10.
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Based on the above data, it is concluded that with age and reduced creatinine clearance, the renal
clearance of abarelix drops, and that might lead to the higher levels in older patients. No age
related safety concerns were reported.

Race: Race was not found to have any significant clinically relevant effect on the PK or PD
parameters for abarelix in the primary clinical trials. However, it is to be noted (in the Table
below) that the studies might not have been adequately powered to detect PK or PD differences
among all the subgroups.
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Number of patients in each race in the Primary Clinical Trials

Study # Caucasians Blacks Hispanics Asians | Qibers
149-98-02 159 10 6 5 0
149-98-03 134 21 8 3 2

Bodv Weight: Body weight appeared to be a statistically significant covariate to the abarelix
concentrations in both the pivotal clinical studies, although during the first 2 months of initiation
of therapy. In Study 149-98-02, weight appeared to be a significant covariate on study days 2,
15, 29, 30, 57 and 58 only. In Study 149-98-03, the significant of weight as a covariate was
observed only on days 2, 15, 30 and 58. There was a negative relationship whereby heavier
patients had lower abarelix concentrations. As has been observed with many drugs, heavier
people tend to have higher volume of distribution for the drug and hence, lower levels.

According tot he sponsor, in Study 149-98-02, patients that failed to meet the castration criteria
(efficacy), were of significantly higher body weight (mean 97.2 + 18.3 versus 85.8 + 16.2 kg;
p<0.05, one-way ANOVA) than those who passed the castration criteria. The same difference
was not observed in the two groups in Study 149-95-03.

Disease (Renal/Hepatic) Condition: To better understand whether hepatic or renal disease might
have an effect on the clinical pharmacology of the drug, it is important to consider the
mechanism’s involved in the metabolism and elimination of the drug.

Abarelix is a peptide, and in in vitro animal studies the sponsor identified 3-4 metabolites (prior
to elimination) as a result of hydrolysis of peptide bonds. In all animal species examined, abarelix
appears to be extensively metabolized, followed by fecal excretion of the parent drug and its
metaboiites. In rats, complete recovery of the radioactive dose was obtained in excreta by

96 hours after both IV (50.1% in urine and 50.4% in feces) and SC (53.4% in urine and 48.5% in
feces) dosing of '*C-abarelix. In monkeys, a near-total recovery of the administered radioactivity
was obtained in excreta after IV (102% % 16%), SC (92% + 3%) and IM (89% + 3%) routes of
14C-abarelix dosing. In monkey, the urinary and fecal excretion accounted for 17% to 20% and
70% to 81% of the radioactive dose, respectively.

In vivo, human mass balance (**-C) studies were not performed for abarelix depot. Urine from
human subjects treated with abarelix-depot in Study 149-99-01 was examined for the known
metabolites of abarelix. Abarelix was present in all the urine samples examined. Urinary
excretion of abarelix in humans was less than 13% of the total dose, suggesting that the major
route of abarelix elimination was non-renal. The 4 known metabolites of abarelix were not
detected in any of the samples. Based upon the results of this study, it appears that none of the
known metabolites of abarelix are excreted to a significant extent in human-urine. This is
consistent with observations in monkeys and rats, where urinary radioactivity was predominantly
composed of unchanged abarelix. Fecal elimination of abarelix was not monitored in human
subjects. -

From the above, it may be concluded that abarelix is metabolized primarily by hydrolysis.
Hepatic elimination mediated by CYP isozymes might not be primarily responsible for drug
disappearance and renal clearance following administration of the injectable solution was only a
small fraction of total body clearance (13%). Hepatic or renal impairment are not expected to

20



NDA 21-230 © PLENAXIS ~=- ™
Submission Date: December 12, 2000 Clinical PK/Biopharm. Section

significantly alter PK or PD parameters. Clinical pharmacology studies for abarelix were not
performed in hepatic and renal impairment. - —

Q. What are the extrinsic factors (drugs, herbals, diet, smoking, alcohol use) that influence
exposure or response? If dosage regimen adjustments across groups are based upon factors
other than the exposure-response relationships, please indicate so.

As mentioned above, there is no evidence provided in this application that might indicate the
involvement of hepatic CYP isozymes in the metabolism of abarelix. Therefore, a potential of
its interaction with other drugs metabolized by CYP isozymes may not be of clinical relevance.
No formal drug-drug interaction studies were performed in support of this NDA. In addition, no
information is available to determine if there is any effect of herbals, diet, smoking, alcohol use
with abarelix. No dose adjustment is either possible, or recommended.

Biopharmaceutics

Q. Arethe methods used 1o assess concentrations adequate?

Two broad methods were used to determine the concentrations of abarelix in plasma and urine
in the clinical studies. They werethe! . (for Studies 149-98-02 and 149-98-03) and
RIA (for Study 149-97-04).

The linear range of the. ——  method was s~—————— ng/mL for abarelix, and the
correlation coefficient (concentration versus peak-area ratio) was at least = * when fitted by
weighted linear regression. This range covered the typical range observed in the clinical studies.
The inter-day precision for the QC samples ranged from 0.99% to 7.27%, while the inter-day
accuracy ranged from 97% to 110%. The intra-day precision for the QC samples ranged from
0.84% to 7.85%, while the intra-day accuracy ranged from 94% to 112%. The LLOQ of the
assay was defined as the lowest calibration standard concentration ( ~—— ng/mL). Stability
study results also demonstrated that abarelix is stable in human serum
i before processing. The accuracy for abarelix =~ ——— .
ranged from 96% to 107%. Long term stability of abarelix at ——is not available, and studies
are ongoing.

Standard curves for abarelix following the RIA method ranged from —— "ng/mL. The
lower limit of quantification was — ag/mL. Dilutions of samples were performed when
necessary. The between-day assay coefficients of variation for the QC samples that did not
require dilutions were less than 14%. The between-day assay coefficients-of variation for the
QC samples that required dilutions were less than 25%.

The sponsor performed a cross-validation between the. ——  and the RIA methods, and
showed that the PK parameters were not very different when the same serial samples were used,
analyzed with the different methods. The following plot correlates the RIA and the —
methods.
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To determine the blood levels of the biomarkers (T, DHT, LH, FSH and PSA), the sponsor has

used standard commercial kits. The validation of the methods (as provided by the vendor) has

been included in this application. The sponsor has also validated the methods using QC samples.
“The ranges covered in these assays are within the range obtained in the clinical studies.

- The sponsor has included sample (actual) standard curves and chromatograms in the application.
Summarizing, the analytical methods utilized in support to this application are acceptable.

Q. Is the pivotal clinical trial formulation identical to the to-be-marketed product?
Yes. This was confirmed by the sponsor via facsimile, and verified with the CMC reviewer.

Q. Are the dissolution conditions and specifications adequately developed to assure in vivo
performance and quality of the product?

The formulation consists of a complex of the drug abarelix with carboxymethylcelluose. Itis a
modified release suspension formulation intended for monthly IM injection. The sponsor argues
that with the final depot formulations of abarelix, typically greater than ==+ of the dose is
dissolved within 45 minutes under = ————m o

-—— _ Intramuscular administration of abarelix depot ranging from 10 to 150 mg
produces Trmax values of 0.5 to 3 days after administration. From these observations, it may be
assurned that the processes involved in the appearance of abarelix in the systemic circulation
from the injection sites are considerably slower than the in vitro dissolution rate. The systemic
absorption of the drug is depends primarily on the complex mechanisms by which the drug is
absorbed from the injection site, and not primarily to the dissolution of the product. No in vitro
— in vivo relationship was established. -

Labeling
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The review team for NDA 21-230 has decided to defer labeling review for this drug. Hence, a
detailed review of this label is not included herewith.

- e —
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Appendices
Appendix 1. -l -

Pharmacodynamic Modeling for Abarelix Depot Injection [Study 149-99-01]

For each subject, the measure (endogenous biomarker such as testosterone, DHT, FSH, LH)
resporse to abarelix was modeled using an indirect-response model. The model uses an indirect
mechanism in which the production rate of the response variables (testosterone, DHT, FSH, or LH)
was inhibited by the serum levels of abarelix. In general, the pharmacodynamic effects can be
described by the following differential equations:

d[B]/dt = Rs_vn —kowr * (B) """""" Equatiog 1

In Equation 1, Rqyy, [B] and (B) represent the endogenous production rate, amount of the biomarker
in the body and serum concentration of the biomarker, respectively, and ko, defines the clearance
for the biomarker. When abarelix was injected, it was assumed that abarelix inhibited the
production of the biomarkers without changing the clearance of the biomarker and therefore the
equation can be modified to:

CY

d[B}/dt=R_, *(1-————
' IClL+C’

)-k,, *(B) ----- Equation 2

In the above Equation 2, C is the abarelix serum concentration at the time of the inhibition
measurement, IC,, is the abarelix serum concentration at which 50% of the maximum inhibition is

observed, and y defines the slope and sigmoidicity of the effect-concentration curve.

Table A. Model-Fitted Biomarker ICsp (ng/mL) for Subjects* Receiving 100 mg Abarelix
Depot (Phase 2) in Clinical Study 149-99-01

Subject
Number T DHT FSH LH
1 b
2
3
4
5
7
8
10
1
12
14
15
16
N 9 9 12 8
Mean 2.08 342 6.43 4.15
SD 1.80 2.15 441 347
% CV 86.8 62.8 68.6 83.7
Median 1.08 3.90 6.54 3.07 -
Max
Min /
AD were perlc d before ding.
* Subject #6 did not complete the study and was therefore exchuded from analyses. Subj 13 and #13

was exchuded from this snalysis due to lack of best fit.

* Subjeet received 10 ~g'kg abarclix injectabie sohution insizad of 15 ~g/kg and was therefore excluded
from analyses. .

€ No best fit for this p Value exchuded from cakculstion of descriptive statistics.
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Table B. Model-Fitted Biomarker Koy for Subjects* Receiving 100mg Abarelix Depot (Phase
2) in Clinical Study 149-99-01

- e o

Subject T DHT FSH LH
Number (dL/d) (mL/d) (mL/d) (mL/d)
1®
- 2
3
4
5
7
8
10
11
12 _
14
15
16
N 9 1 12 9
Mean 3.20 297 0.95 11.69
SD 2.04 2.92 0.95 14.71
% CV 63.8 98.4 100.0 125.9
Median 2.65 . 1.90 0.60 AL
Max
Min /

AD cakuiations were performed before rounding.
* Subject 26 did not compiete the study and was therefore excluded from amalyses. Subjects #9 and #13
was excluded from this analvsis due 10 lack of best fit.
* Subject received 10 pg'kg abarelix injectabke solution instead of 15 pg/kg and was therefore exchuded

ﬁv;::ﬁb;?i:onhis, Value excluded from " 7' 1on of descriptive statistics.
APPEARS
Y ORigyya,
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Appendix 3.

Trough Abarelix Concentration
- (Studies 149-98-02 and 03)
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[Both the above plots have been created with data pooled from Studies 149-98-02 & -03]

i
i
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T Concentration Distribution
(Studies 149-98-02 & 03 pooled)
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Appendix 4.

SIMULATION
Method:

1. Selection of structure model and input function: A two compartment open mode] was fitted to
concentration-time data observed after single 100 mg dose. There was no available drug input
function model to describe the concentration time profile for the depot IM dose. To describe the
data, several input functions were tried. An instant input function (bolus) followed by a zero order
slow input function (eg. infusion) described the data adequately (see figure below) with the dose
divided equally between the instant and the zero order input functions. The totat time period of the
slow zero order input lasted 4 hours.

2. Estimation of parameters: Pharmacokinetic parameters were estimated by fitting the observed
mean data to the above selected structure model. The estimated parameters, as compared to those
obtained via non compartment method, are listed below:

Table. Comparison of PK parameters obtained using nonparametric (sponsor’s) methods versus
nonlinear regression method (modeling by reviewer):

CL Ve Tin
Observed (Clinical Study) {208 L/day | 4040 L | 13 days
Estimated (Modeling) 202 L/day |3484L | 8 days

3. Simulation: Population trough concentrations following multiple doses were simulated using
nonlinear mixed effect modeling method with NONMEM. Parameters estimated from nonlinear
regression were used for the simulation. For each condition, the total number of subjects were 50,
variability variables were VarCL=40%, VarVc=20%, VarQ=40%, and Var(C2=20% with 15% intra-
subject variability. The simulation scenarios included 100 mg monthly (current regimen), 125 mg
monthly, 150 mg monthly and 50 mg bi-weekly doses [see following figures for examples of

" simulated concentration-time profiles].

4. Results/Conclusions:

a) Simulated and observed mean trough concentration following 100 mg monthly administration
were almost identical (= 10 ng/mL) supporting the validity of the model and parameters used in
simulation process.

b) With 125 mg dose monthly, mean trough concentration increased to =12 ng/mL. The 150 mg

monthly dose provided mean trough concentrations of 15 ng/ml with very few concentrations below
5 ng/mL (note, the ECsp is 1.21 ng/mL). o

c) When profiles following the 100 mg dose divided into two 50 mg bi-weekly doses were
simulated, peak to trough concentration ratio was significantly decreased with mean trough
concentrations of =15 ng/mL.

5. Conclusion: Simulations show that increased monthly dose or increased dose frequency may be
explored for maintenance of therapy beyond six months.

-

34



Redé@ted_//,-

pages of trade e

secret and/or

- confidential

commercial

information



NDA 21-230

PLENAXI|S 7~ ‘™
Submission Date: December 12, 2000

Clinical PK/Biopharm. Section

Simulated Abarelix PK Profile (Dose 100 mg, monthly)
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Simulated Trough Abarelix Levels (Dose = 100 mg, monthly)
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Simulated Trough Abarelix Levels (Dose = 150 mg, monthly)
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Simulated Trough Abarelix Levels (Dose = 125 mg, monthly)'
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Simulated Trough Abarelix Levels (Dose = 50 mg, bi-weekly) -
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